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In previous papers ~1,2) we called attention to  the presence  of  a 
specific disease of the urinary tract of cows which had been known in 
Europe for many years but had not heretofore been recognized in this 
country.  From our material we concluded that the bladder is first 
involved with  secondary involvement of  the  ureters  and  kidneys. 
A bacterium of the diphtheroid type similar to that obtained by several 
workers in Europe was readily cultivated from the inflamed portions 
of the urinary tract.  In our experiments when small quantities of 
pure cultures were introduced into the bladder by way of the urethra, 
a slowly spreading cystitis resulted but the inflammatory process failed 
to  ascend  the  ureters.  Certain  bacteriological  and  other  clinical 
studies  failed  to  confirm  the  generally  accepted  view  that  the 
urinary  infection was  associated with  genital disease  and  we  were 
unable to  obtain the specific organism from sources other than the 
urinary tract.  Bacteriological examination of the urine of the bulls 
of two herds in which the disease was prevalent failed to reveal the 
sped~c diphtheroid. 
It has been difficult to explain the mode of spread within the herd, 
although certain experiments in which cows were stabled in close con- 
tact with others known to be infected resulted in transmission.  It 
was the practice to curry and brush the cows twice a day and probably 
the infectious material was repeatedly introduced into the vagina by 
means of brushes.  In some other instances the source of infection 
was not evident.  The propagation of the organism seems to lie within 
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the urinary tract of infected cows.  Under usual herd conditions trans- 
mission  thus  becomes  a  difficult matter,  since  septic material is  not 
usually brushed into the vagina.  Some natural means of propagation 
must  necessarily  exist  and  our  problem  concerned  itself  with  this 
question. 
Dr.  Theobald Smith  (3),  in his examination of the urine of calves, 
frequently  encountered  diphtheroids  in  large  numbers,  and  he  has 
suggested that they might be of significance.  It was: with the idea of 
correlating these organisms with those from bladder infections of adult 
cows that the following studies were made. 
Method 
In the main the calves were drawn from one herd from which  the bulk of our 
original n~terial had been obtained.  A group of the calves were brought to the 
Institute and used for other experiments, and at autopsy the genito-urinary tract 
was turned over to us for examination.  These were considerably older than the 
calves from which we obtained material at the abattoir.  The calves slaughtered 
at the Institute varied from 3 weeks to 2 months of age, while those killed at the 
abattoir were from a few days to 2 weeks old.  In a few instances we obtained 
material from heifers 3 to 4 months old, but most of the material came from males. 
The genito-urinary tract was removed in one piece and the whole tract seared. 
The urine was withdrawn from the bladder and the tract incised from the bladder 
to  the  sheath.  Cultures  were prepared from the  bladder  mucosa,  the  upper, 
middle and lower portions of the urethra, and the sheath, by scraping the mucosa 
vigorously with a curette and streaking the surface of blood agar plates with the 
scrapings.  The plate cultures were incubated for 48 hours and suggestive colonies 
picked for inoculation into other media.  When material from female calves was 
examined,  scrapings  from  the  bladder,  urethra  and  vagina  were  made.  The 
urine  obtained  from  the  bladder was centrifuged and plate cultures prepared 
from the sediment.  The urinary tracts of 34 calves were examined. 
The cultures which  conformed in general to the diphtheroichtl  type were prop- 
agated, and, ff regarded of sufficient  interest, studied on differential media.  In 
this way it was found that  several distinct  cultural groups existed among the 
strains.  This has been brought out in Table I. 
Table I  indicates  that the diphtheroids  fall into  5  cultural groups. 
It  has been shown that the bacterium associated with specific cystitis 
and  pyelonephritis  ferments  dextrose  and  fails  to  ferment the  other 
substances.  It  produces  enough  alkali  in  litmus  milk  to  turn  the 
litmus a deep purple and finally the medium becomes sufficiently alka- F. S. JONES AND  RALPH  B. LITTLE 
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line to dissolve the casein.  From Table I  it is evident that we suc- 
ceeded in isolating a  large number of strains of proper morphology 
which possessed the biochemic properties of the strains isolated from 
the disease.  The table also indicates that other types of diphtheroids 
occur frequently in the urinary tract.  Some of them when freshly 
isolated are readily distinguishable morphologically from those of the 
first group.  Their biochemic features lead to a ready differentiation. 
It should be stated that all types were non-motile and stained intensely 
by the Gram method. 
The distribution of the various cultural types throughout the gen- 
ito-urinary tract is of interest and is shown in Table II. 
TABLE  II 
The Distribution  of the Various Types in the Genito-Urinary  Tract 
Isolations  from 
Group 
Sheath  Urethra  Bladder  Urine  Vagina 
I 
II 
III 
IV 
V 
16 
7 
1 
3 
10 
5 
28 
4 
4 
11 
0 
8 
5 
1 
10 
Cultural Type I, which we regarded as of considerable significance, 
seems to be confined largely to the sheath.  Its entire absence from 
the bladder is noteworthy although certain strains were recovered from 
the lower portion of the urethra.  On the other hand,  the  second 
cultural group seems to live largely in the urethra and bladder, since 
36 of 44 strains were isolated from these regions.  Group V  occurs 
throughout the urinary tract and has been isolated from the vagina. 
The other two  groups  contain  such small numbers that  their  dis- 
tribution seems to have little meaning. 
Since the first group possessed all the morphological and cultural 
characters manifested by the organism associated with the specific in- 
fection in  the adults, further correlations were manifestly desirable. 
With this in view a number of strains were chosen for further study. 
Rabbits were immunized with cultures isolated from the kidneys of F.  S.  JONES  AND  RALPII  B.  LITTLE  913 
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spontaneous cases and with certain typical strains from calves.  When 
sera with  sufficient  agglutinin  were  obtained  all  strains  were  tested, 
That  these  possessed  agglutination  affinities  similar  to  those  of the 
organisms  isolated  from the  kidneys  of adults  in  spontaneous infec- 
tions is shown in  Table  III. 
On the whole it can be said that the strains resembling the etiological 
type behave  in  a manner similar to those isolated  from spontaneous 
cases  in  cows.  The  serum  from  a  typical  calf  strain  is  capable  of 
agglutinating those from the cows and vice versa. 
TABLE  IV 
The Effect of Reciprocal  Absorption on A gglutination 
Culture 
Cow 1132 (kidney)... 
Calf 1474 (sheath) .... 
"  1494  "  .... 
"  1539  (urethra)... 
Cow 418  (urine) ...... 
Calf 1533 (sheath) .... 
"  1540  (urine) ..... 
"  306  (urethra)... 
"  1480  (urine) ..... 
"  303  (sheath)  .... 
"  1480  "  .... 
"  A  " 
Cow D.  M.  (urine).. 
Calf  1531  (sheath)... 
"  1522  (urine) ..... 
Serum dilutions of culture Cow 1132 
serum absorbed  with culture 
Calf 1474 
1:10 
4- 
+ 
+ 
+ 
+ 
4- 
+ 
+ 
4- 
4- 
4- 
1:20  1:40  1:80  1:160  1:320 
+ 
4- 
4-  4-  4-  4-  4- 
4-  4-  4-  4-  4- 
4-  4-  4-  4-  4- 
4-  4-  4-  4-  4- 
4- 
Serum dilutions of culture.Calf 1474 
serum absorbed with culture 
Cow 1132 
1:10 
+ 
4- 
+ 
+ 
4- 
++ 
4- 
+ 
+ 
4- 
1:20 
4- 
+ 
4_ 
4" 
4- 
+ 
4- 
1:4O 
4- 
4- 
4- 
4- 
4- 
1:80  1:[60 1:320 
; 
-4-  4-  4- 
:t=  4-  4- 
4-  4-  4- 
-4-  4-  4- 
4-  4- 
g 
± 
-4- 
4- 
4- 
In the course of the correlation it seemed advisable to test the anti- 
genic specificity  further.  With this in mind,  the serum produced by 
immunization with  the  strain  obtained from  a  cow's kidney  was  ab- 
sorbed with the culture obtained from the sheath of Calf 1474 and the 
other serum was absorbed with  the  culture isolated from the kidney. 
The absorbed sera were then tested with the various strains as shown 
in Table IV. 
The  results  of the  tests  of the  sera  after  absorption indicate  that 1  ~.  S.  JONES  AND  RALPH  B.  LITTLE  915 
a typical strain obtained from the sheath of a healthy calf is capable of 
absorbing practically all the agglutinin from the  antiserum specific 
for the etiological strains.  The same held true when the serum pro- 
duced by immunization with one of the calf strains was absorbed with 
a  culture from an adult infection.  The cultural and immunological 
findings support the view that the organisms are similar. 
The  calves  from which  cultures  were  obtained  were  apparently 
normal.  This brought up the question of pathogenicity.  It is known 
that freshly isolated cultures when injected into rabbits or guinea pigs 
in considerable quantities fail to produce lesions.  Our previous experi- 
ments indicated that small quantities of culture from either bladder or 
kidney infections when introduced into the cow's bladder by means of a 
catheter gave rise to a slowly  progressive persistent cystitis.  The most 
important test of identity seemed to us to be that of the pathogenic 
properties of the strains.  Four cows were available for the tests and 
these were injected with various cultures.  The details are given in the 
following protocols.  The urine from all was examined twice at inter- 
vals before the injections were made.  Cultures failed to show signifi- 
cant diphthemids and the urine was free from albumin and other ab- 
normal products. 
On April 22, 1929, 4 cows were inoculated intra-urethrally with 3 cc. of 48 hour 
broth  cultures, as follows: Cow  1517, culture from the urine in spontaneous 
infection of Cow R 418.  Cow 1520, culture from the lower urethra of Calf 1539. 
Cow 1530, culture from the sheath of Calf 1539.  Cow 1559, culture from the 
sheath of Calf 1480. 
One week later the urine of all was examined.  The urinary sediment of all 
contained diphtheroids similar in morphology and cultural characters to those 
inoculated.  Six days after the first examination specimen~ were again examined. 
The urine from Cows 1517, 1520, and 1530 showed  little abnormal; that from Cow 
1559 was turbid and gave a strong reaction for albumin.  One week later the 
urine from all 4 cows was reexamined with the same results.  The diphtheroids 
had disappeared from the urinary sediment of 1517, 1520, and 1530.  The speci- 
men from 1559 contained blood, gave a strong albumin reaction, and was rich in 
red cells, clots and diphtheroids.  It was at this time that the first urethral hemor- 
rhage was observed.  Urination became more frequent and considerable straining 
following  micturation, often accompanied  by the passage of bright red blood.  A 
sample of urine obtained 3 months after the inoculation revealed blood, mucus, 
and large numbers of diphtheroids. 
Cow 1559 was slaughtered  at an abattoir 6 months and 21 days after inoculation. 916  CYSTITIS  AND  PYELONEPHRITIS 0]~  COWS 
The whole genito-urinary tract was brought to the laboratory for examination. 
The bladder was contracted, its walls thickened, and the vessels of the subserosae 
dilated.  The whole mucosa was congested, swollen and wrinkled, and scattered 
over its  surface there  were many irregularly  rounded  raised  hemorrhages.  On 
the  floor of the bladder  were  a  number  of irregular,  slightly  raised,  flattened, 
adherent patches which were removed with  difficulty,  exposing a  raw, weeping 
surface.  The mucosa between and about the outlets of the ureters appeared as a 
wrinkled, greatly swollen,  reddened, spongy mass.  Both ureters were dilated and 
the walls markedly thickened.  The right was almost half again as large as the 
left  (Fig.  1).  The mucosa of both  appeared edematous and was streaked here 
and there with longitudinal red lines.  Portions of two lobes of the right kidney 
contained irregularly rounded, grayish white, homogeneous areas which involved 
only  the  cortex.  Several  irregular,  sharply  circumscribed  accumulations  of 
yellowish green caseous material were present at the tips of the papillae (Fig. 1). 
The areas varied from 1 to 2 ram. in diameter to nodules as large as 1 cm. (Fig. 2). 
The caseous material shelled out easily revealing a glistenlugcapsule.  Films from 
the caseous areas revealed enormous numbers of diphtheroids.  Portions of the 
mucosa of the pelvis were swollen and reddened  (Fig.  1).  The mucosa of the 
ureter where it left the kidney revealed a similar process (Fig. 1).  In addition to 
these findings a  cyst which protruded from the vaginal wall was noted.  Diph- 
theroids were readily obtained from the urine at autopsy.  Films from the pelvic 
abscesses  showed  diphtheroids  in enormous numbers  to  the  exclusion of other 
forms.  Cultures  developed  only  diphtheroids.  The  left  kidney  revealed  no 
abnormalities. 
Pieces of the bladder, ureter and right kidney fixed in Zenker's fluid revealed 
well marked changes.  Microscopic examination of sections of the bladder showed a 
variety of lesions.  The mucosa in one area was largely intact but the submucosa 
was greatly thickened, edema was pronounced, accumulations of round cells  and 
hyperplasia of the connective tissue accompanied by capillary proliferation were 
remarkable.  In other portions little  of the mucosa remained  except  for a  few 
streamers of degenerated cells.  The exposed surface consisted of a richly cellular 
submucosa composed of proliferating connective tissue  containing many vessels 
and heavily infiltrated with round cells.  The left ureter presented little abnormal 
except edema of the  submucosa and proliferation of the submucous connective 
tissue.  The mucosa of the right ureter revealed degenerative changes and some 
exfoliation.  The  deeper  portions  of the  mucosa  were  invaded  by round cells. 
The  submucosa  was  edematous  and  rich  in  capillaries  as  well  as  moderately 
infiltrated with round ceils. 
The  left  kidney  presented  no  serious  derangement.  The  section  from  the 
right revealed little abnormal in the cortex.  The medulla presented no abnormal- 
ity until close to the papillus,  where some of the tubules !revealed exfoliation of 
the  mucosa.  There  was  a  moderate  eugorgement  of  the  capillaries.  Nearer 
the  pelvis  the desquamation  was more marked  and  the  vascular  eugorgement F.  S. ]ONES  AND  RALPH  B. LITTLE  917 
more pronounced.  About the tip of the papillus and extending a uniform depth 
into the kidney a  well defined lesion  was observed.  On the whole  the tubular 
outlines were well preserved but the mucosa had disappeared and the lumina were 
plugged with homogeneous  material.  Hemorrhages into  the  tubules  were not 
infrequent.  Under  lower  magnifications several deep  blue  staining,  clear  cut 
masses lying close  to the papilla and having the outlines of large  tubules were 
readily discerned (Fig. 3).  These when sufficiently magnified proved to be tubules 
of which only the basement membrane remained, and the blue staining areas were 
composed of densely packed masses of diphtheroids (Fig.  4).  On the whole the 
lesion impressed us as being relatively recent and was characterized by its sharp 
definition  and its relative freedom  from cellular reaction.  The remarkable growth 
of the causative organism within the tubules with consequent interference with 
the neighboring circulation and the absorption of bacterial products might well 
account for its character. 
The other 3 cows were killed 24,  39,  and 53  days after inoculation.  The 
bladders and kidneys failed to show abnormalities and the organisms  could not be 
recovered from the urine. 
It will be seen from the protocols that two of the three cows inocu- 
lated with cultures obtained from the lower urinary tract of  calves 
developed only transient  infections.  The  inoculation  in  the  third 
instance  (Cow  1559)  produced cystitis,  pyelitis  and  pyelonephritis. 
The cow injected intra-urethrally with culture from the kidney of a 
spontaneous infection developed only transient cystitis. 
DISCUSSION 
The  findings indicate  that  the  lower genito-urinary tract of male 
calves may harbor an organism similar in morphology, cultural char- 
acters and certain immunological properties to the organism encoun- 
tered in this country and Europe in spontaneous infections of the blad- 
der, ureter and pelvic portions of the kidneys of cows.  The organism 
has been found in the sheath, urine, and lower portions of the urethra 
in  12  of 34 calves examined.  By far the greatest number of strains 
were obtained from the sheath.  The mucosa of the sheath and the 
retained urine habor bacteria in enormous numbers and the diphtheroid 
seems to make up but a small proportion of the organisms present. 
The  findings  are  significant  from  an  epidemiological standpoint. 
As we have pointed out, the difficulty in tracing infection from animal 
to  animal within the herd has been great.  It seems probable  that 
many cases may really originate as infections during early life.  The 918  CYSTITIS  AND  PYELONEPHRITIS  OF  COWS 
organisms are able to maintain themselves on the mucous membranes 
of the lower urinary tract where little damage is done, but by a gradual, 
ascending growth they may finally reach the upper urethra  and blad- 
der.  Where the tube is short as in the female the supposition is reason- 
able; and in this sex additional complications, such as pressure on the 
bladder,  albuminuria,  etc., may act to  quicken the invasive process. 
Unfortunately our material  contained  only a  few female calves; but 
from one of these we obtained from the vagina  in the region  of the 
urethral orifice a culture indistinguishable  culturally and immunologi- 
caUy from  the  pathogenic type.  The  source of  the  fairly frequent 
sheath infestation is not easily traced.  In one instance a  calf born of 
an infected mother was examined and the organism recovered from the 
sheath.  The same organism was readily cultivated from the mother's 
urine and in all probability the sheath was directly inoculated during 
parturition.  In five other instances the urine of the mothers of calves 
in which we had cultivated the diphtheroid from the sheath was exam- 
ined with negative results. 
The brief citation of a  spontaneous infection in a  12 day old male 
calf serves as evidence that infection may begin in early life. 
The  genito-urinary  tract  was  obtained  immediately  after  slaughter.  The 
kidneys  presented  no  gross abnormalities.  The  bladder  walls were greatly 
thickened  and  tl~e mucosa swollen and  edematous,  Hemorrhages varying  in 
size from minute points to considerable extravasations were scattered  over the 
mucosa.  The urine within the bladder was~  turbid and contained  blood.  The 
urinary sediment was rich in red cells, round cells, leucocytes, and diphtheroids. 
Typical diphtheroids were obtained  in pure  culture.  Microscopic examination 
of fixed and stained material from the bladder revealed the usual type of cystitis 
encountered in adult infections of this kind. 
Certain facts (2) indicate that the sheath of the adult male does not 
contain many organisms of the etiological type, since we failed to cul- 
tivate  them  from  naturally  passed  urine  in  11  instances,  although 
organisms similar to those of Groups II and IV were readily grown. 
From the experiment in which 3 cows were artificially infected with 
strains from calves and only 1 developed the disease, it might be sug- 
gested that  certain of the calf strains  are not pathogenic.  It is true 
that all the cultures employed in the injection had been under artificial 
cultivation  for  several  months  and that  that  from  the spontaneous F.  S. JONES AND  ILALPH  B.  LITTLE  919 
case was isolated 2  years before the inoculation.  The strain which 
produced the infection in the inoculated cow had been isolated about 
1 year before it was used.  On the other hand, as a control procedure, 
a  cow was inoculated with a  culture obtained from the kidney of a 
severe case but this gave rise only to  transient  cystitis.  From this 
it can be argued  that  the  resistance of  certain  cows might expktin 
our results. 
We have produced cystitis in a fair proportion of inoculations, but 
the disease has thus far been confined to the bladder.  In the instance 
of the cow which we regard as most susceptible (1559)  culture intro- 
duced into the bladder produced the local process and later reachedthe 
pelvis of one kidney by way of the ureter.  The experimental evidence 
indicates that under favorable conditions diphtheroids introduced into 
the bladder may produce cystitis, pyelitis and pyelonephritis. 
SUMMARY 
Bacteriological examination of  the  genito-urinary tract  of  calves 
originating in a  herd in which infectious cystitis and pyelonephritis 
exists among the cows, revealed a variety of cultural types of diphther- 
oids.  Of these types, one obtained from a considerable number of the 
calves resembled in morphology an  cultural characters the organism 
cultivated  from  the  actual  cases  of  the  disease.  This  group  had 
agglutination affinities like those of the organism mentioned and was 
capable of absorbing agglutinin from antiserum specific for it.  When 
three cows were inoculated intra-urethrally with cultures isolated from 
the  sheaths  of  calves,  two  developed transient  infections  and  the 
other a severe prolonged cystitis and pyelonephritis. 
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EXPLANATION OF PLATES 
PLATE 28 
FIG. 1.  The right kidney of Cow 1559 which had been inoculated  intra-ureth- 
rally with culture obtained from the sheath of a normal calf.  Note edema and 
congestion  of the pelvic  mucosa,  the size and  appearance  of the  ureter.  The 
arrows indicate the location of small abscesses.  About ] actual size. 
Fro. 2.  The largest abscess encountered in another portion of the right kidney. 
×  about 1¼. 
PLATE 29 
FIG. 3.  Section of the right kidney of Cow 1559 showing an early lesion deep 
within  the  medulla.  Note  the  degenerative  changes  and  the  intensely  black 
tubules  due  to deeply stained bacterial  masses within them.  Zenker's fixation; 
eosin and methylene blue stain.  ×90. 
Fio. 4.  A east  composed of tightly packed masses of the diphtheroid  from a 
single tubule from the same preparation.  ×650. THE JOURNAL OF EXPERIMENTAL MEDICINE VOL. 51  PLATE  28 
(Jones and Little:  Cystitis and pyelonephritis ol cows) THE JOURNAL OF EXPERtMENTAL MEDICINE VOL. 51  PLATE  29 
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